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DEVELOPMENT AND VALIDATION OF MEASUREMENT
INSTRUMENT FOR GREEN KNOWLEDGE MANAGEMENT

Aleksandra Radi¢”, Ivan Jovanovié, Nenad Miliji¢

University of Belgrade, Technical Faculty in Bor, Serbia

Abstract: Green knowledge management represents a new direction of knowledge
management in organizations. As an intensively represented concept, it has awakened the
interest of many researchers to examine the cause-and-effect relationships of this concept and
related variables. To analyze this concept more deeply using statistical analysis methods, it is
necessary to develop an instrument that will be used for measurement and analysis. In this
regard, this paper describes the process of developing and validating a measurement scale for
comprehensive research on green knowledge management, green technology and innovation,
organizational performances, and management commitment to the ecology. Thanks to the
analysis results that show that the proposed questionnaire for measuring the mentioned
variables 1s a valid and reliable measurement scale, it can be said that the main motive of the
work is fulfilled and that the result of this research has a significant contribution to the growing
body of literature.

Keywords: Green knowledge management, questionnaire development, validation and
reliability of the measurement scale, statistical analysis

1. INTRODUCTION

In recent decades, organizations have been paying more and more attention to what
effects their operations can have on the environment. This issue is becoming a dominant topic
in the minds of many managers and employees, as well as other stakeholders. Due to numerous
hazardous consequences, which primarily relate to the environment, the concept of knowledge
management has acquired a new dimension. One of the most recognizable trends in the field of
sustainable business is a greater understanding of environmental problems.

In order for the company to have a balanced approach to the consumer and
environmental perspective, the company's employees must have adequate green knowledge
(Shehzad et al., 2020). The difference between successful and unsuccessful organizations is
precisely knowledge, with special reference to adequate management (Revilla et al., 2016). In
this regard, the creation of new products, services, and processes aligned with the needs of
sustainable development and environmental requirements represents imperatives of modern
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business. For this reason, a new, upgraded concept called green knowledge management - GKM
is emerging. The GKM concept differentiates between environmentally sustainable and
unsustainable companies (Khan et al., 2024), directing the company to the path of success,
survival, and development.

There is a growing body of academic research investigating the relationship between
green knowledge management and organizational performance, sustainability, and innovation.
Thus, by analyzing the Scopus database, it can be determined that the number of works on this
topic is increasing significantly (Radi¢ et al., 2023). In order to examine the attitudes of
employees in organizations related to the newly created GKM concept, there was a need to
create a new comprehensive questionnaire.

The motive of this work is the development and validation of a measuring instrument
that connects GKM, green technologies and innovations (GTI), management commitment to
ecology (MCEE), and organizational performance (OP). The potential contribution of the
results of this study is reflected in the validation of a new measurement instrument that can be
used for the comprehensive measurement of GKM and related areas.

This paper is divided into several units. After the introductory part, there follows the
second part, which refers to the literature review with the presentation of the theoretical
background of the problem. In the third part, the research methodology is presented with the
research steps described in detail. The following sections refer to the research results and
discussion, as well as the conclusion, respectively.

2. LITERATURE REVIEW

The concept of GKM is of great importance for the operations of organizations by the
requirements for sustainable principles. It strives for the integration of ecological aspects in the
process of organizational learning and the introduction of sustainability principles into the
dimensions of the previous classic concept of knowledge management (Aboelmaged &
Hashem, 2019). This is the proactive paradigm necessary to manage organizational success in
a competitive market. For the company to succeed in its efforts to adapt to the new
environmental requirements of the environment, the company must find channels through
which it can collect the necessary knowledge (Arfi et al., 2018), and then store it (Pepple et al.,
2022) and use it, i.e. share (Song et al., 2020). In this connection, it is possible to talk about
three related dimensions of green knowledge management, namely green acquisition, green
storage, and green sharing.

Green products and green processes must be based on knowledge, so green knowledge
is closely related to GTI. GTI can be defined as products, services, and processes that do not
harm the environment or reduce its degradation (Ahmed et al., 2023). According to Ciu et al.
(2021), GTI represents a corporate strategy that is implemented at the level of the organization,
but in such a way that it contributes to the aspirations for the recovery of the environment at the
global level. Xie et al. (2019) state that this approach to combining green products and processes
leads to the creation of a strategic advantage that is difficult to imitate. Considering this fact, in
this paper green products and green processes are presented as a single variable.

On the other hand, one of the most important priorities of any organization is its
performance. According to Arfa et al. (2018) performance effects can be measurable (profit,
ratios, etc.) and immeasurable (reputation, contribution to environmental protection, green
brand, etc.). For this reason, in the concept of GKM, organizational performance can combine
environmental performances and economic performances. Based on the above, in this paper,
the economic and environmental indicators of the business operations of the investigated
organizations are observed under organizational performance.
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Also, if the leaders of the organization are not aware of the importance of GKM and the
contribution that GTI has to OP, the organization cannot implement these practices. Numerous
studies have confirmed that it is the management of the company that should be approached as
a direction in creating a green organizational culture (Wang, 2019). This is how a new important
determinant of GKM is being developed, which is MCEE. Whether the employees will share
the same values depends on the management's increase in ecological and sustainable practices.
In other words, when upper-level management shows concern for environmental issues,
employees will follow suit (Wei et al., 2023).

Based on the review of the relevant literature, it can be concluded that there is a close
connection between the mentioned areas of GKM, GTI, OP, and MCEE. In this regard, this
paper starts from the observed research gap, which can be explained as the need for the
development and validation of a comprehensive measurement scale composed of a set of
appropriate questions that can be used to measure the mentioned variables.

3. RESEARCH METODOLOGY

The questionnaire development and validation process involves several stages as shown
in Figure 1.

The primary phase was related to the review of relevant literature, through which the
basic dimensions of GKM, GTI, OP, and MCEE were identified. In this research, questions
from other questionnaires that were validated during previous research were combined, which
1s a very common practice in the academic community.

After the literature review, pilot testing was performed, which involved testing the initial
version of the questionnaire on a sample of 33 respondents. In addition, a check on the clarity
and comprehensibility of the questions was made in the discussion with focus groups made up
of managers and experts from this field. Also, bearing in mind that the research is being
conducted on the territory of Serbia, the translation of the questionnaire from foreign literature
and harmonization with the meanings of the Serbian language was done with the consultation
of experts. The final version of the questionnaire was used for data collection.

— Literature review

]

Instrument development

|
Survey

|

Analyses
- Exploratory factor analysis
- Confirmatory factor analysis
- Convergent and discriminant
validity

Confirming
results

Proposing the questionnaire

Figure 1. Process of questionnaire development and validation
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To take a thorough approach to this analysis, and to make the findings accurate and
reliable, exploratory and confirmatory factor analysis, as well as convergent and discriminant
validity, were performed. Statistical analysis was performed using SPSS v.18 and AMOS v.26
software packages

4. RESULTS AND DISCUSSION
4.1. Descriptive statistics

The survey included 538 respondents employed in 21 project-based organizations. 66%
of men and 34% of women participated in the research. Among the respondents, almost a third
of them (32.7%) belong to the age group between 36 and 45 years. The research included
respondents with 6 to 10 years of work experience (28.1%). The dominant structure consists of
respondents with primary education (71.4%), while 12.8% of respondents have secondary and
14.5% with higher education. The least number of respondents had completed basic academic
studies (1.3%), and there were no respondents with a master's or PhD degree.

Table 1. Respondents’ demographic data

Variables Category N Percentage (%)
Gender Male 355 66.0
Female 183 34.0
Age Less than 25 years 42 7.8
26 — 35 years 140 26.0
36 — 45 years 176 32.7
46 — 55 years 137 25.5
More than 56 years 43 8.0
Work experience Less than 5 years 146 27.1
6 — 10 years 151 28.1
11 —20 years 127 23.6
21 —30 years 60 11.2
Above 31 years 54 10.0
Educational level Elementary school 384 71.4
High school 69 12.8
Higher education 78 14.5
University 7 1.3
MSc/PhD 0 0.0
Job position Manager 45 8.4
Workers 493 91.6
Company size Less than 10 employees 28 5.2
11 — 50 employees 168 31.2
51 — 250 employees 341 63.4
Above 251 employees 1 0.2
Company's existence Less than 6 years 446 82.9
6 — 10 years 32 5.9
11 — 20 years 60 11.2
21 - 30 years 0 0.0
Above 31 years 0 0.0
Company ownership structure Domestic ownership 85 15.8
Foreign ownership 362 67.3
Mixed ownership 91 16.9
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In the research, there were 8.4% of respondents in the position of managers (shift
managers, lower and middle management), and 91.6% of employees who are directly involved
in the business process. According to the size, the survey covers mostly medium-sized
organizations (51-250 employees), as much as 63.4%, and organizations that have been in
business for less than 6 years (82.9%). Regarding the company ownership structure, 15.8% of
companies are domestically owned, 67.3% are foreign-owned, and 16.9% are mixed.

The complete results of descriptive statistics are shown in Table 1, which offers a clear
and detailed picture of the data. By reviewing these statistics, we can better understand the
trends and patterns that emerge from the data.

4.2. Exploratory factor analysis

To understand the basic relationship between research and composite variables,
exploratory factor analysis (EFA) was conducted. For this analysis, the varimax rotation
technique was used in combination with principal component analysis. First, to check the
adequacy of the sample using a Kaiser-Meyer-Olkin (KMO) test and Bartlett test of sphericity.
In this study, the KMO coefficient is 0.945 (the recommended minimum value is 0.6 according
to the authors of Hair et al., 2010), which indicates the suitability of the data for factor analysis.
Furthermore, the Bartlett test of sphericity indicates significance (¥*=13,806; p<0.001),
recommended value p<0.05, according to the authors Hair et al. (2010). This indicates that there
are correlations among the items within the measurement instrument.

According to the EFA results, four factors were extracted that explain 68.90% of the
variance of the proposed model, which is by the minimum proposed value of 0.50% (Molina et
al., 2007). The coefticients are grouped according to the basic components of the questionnaire
(composite variables). This was expected because the items were taken from previously
validated and verified questionnaires (see references in Table 2) and adapted to the needs of this
research. In the analysis, all items that load one factor 0.4 or above (see Table 2) were retained,
based on the recommendation of the author Churchill (1979). Therefore, the results established
the unidimensionality of the variables.

Table 2. Measuring instrument and items loading

Code Items Factor Loading

Green knowledge management Yu et al. (2022)

The organization regularly receives information about
GKM 1 | environmentally friendly products and processes/services from | 0.868
external stakeholders (e.g. customers and suppliers)
The organization regularly receives information about
GKM 2 | environmentally friendly products and processes/services from | 0.840
internal stakeholders (e.g. management and staff)

The organization regularly organizes trainings for employees to
GKM 3 | develop their knowledge about environmentally friendly 0.831
products and processes/services

The organization has a well-developed information system
through which employees can get the necessary information
The organization encourages and supports employees to
GKM 5 | acquire knowledge about environmentally friendly products 0.631
and processes/services

The organization has sufficient information on environmentally
friendly products and processes/services

GKM 4 0.811

GKM 6 0.951
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GKM_7

The organization has an excellent information system for
managing information related to environmentally friendly
products and processes/services

0.827

GKM_8

Information about a specific problem is easily available
through our information system

0.815

GKM 9

We have comprehensive information about our competitors and
the environmental impact of their operations

0.748

GKM_10

Even if someone leaves the organization, our information
system retains their knowledge

0.685

GKM_11

Employees in our organization regularly communicate with
each other in order to exchange knowledge and discuss further
directions for the development of environmental protection

0.787

GKM_12

The organization has a well-organized system through which
knowledge can be shared and mutual learning can be
affirmative

0.776

GKM_13

The organization has provided the latest equipment and
technology for the acquisition and exchange of knowledge

0.762

GKM_14

The organization recognizes and rewards employees who share
innovative ideas and information to improve environmental
protection processes

0.733

GKM_15

The organization regularly shares the latest environmental
knowledge and market trends with its employees through e-
mails, trainings and workshops.

0.729

Green technology and innovation Huang & Li (2017)

Has your organization ever taken the following measures when designing products or processes/services?
Used environmentally friendly materials (eg less polluting or
GTI 1 . . . ; 0.882
- non-polluting/less toxic or non-toxic materials)
Improved and designed environmentally friendly packaging
GTIL 2 | (e.g. less consumption of paper and plastic material) for 0.865
existing and new products
GTI 3 Recych'ng,. reuse and processing of materials at the end of the 0.863
- product's life
GTIL 4 | Used eco-labeling 0.843
Used lower consumption of energy sources such as water,
GTIL 5 . . . . . 0.838
- electricity, gas and gasoline during production/use/disposal
GTI 6 | Used cleaner technology to save and prevent pollution 0.804
GTI 7 Reduction or complete elimination of toxicity in the production 0.774

process

Organizational performance Huang & Li (2017); Sahoo et al. (2023)

Has your organization performed better compared to your main competitors in the following areas?

OP 1 Operational efficiency 0.887
OP 2 Sales growth 0.876
OP 3 Market share growth 0.765
OP 4 Reductions in consumption of hazardous/harmful/toxic 0.741
- materials
OP 5 Profit growth 0.789
OP 6 Improvements in the environmental situation of the company 0.623
OP 7 Cash flow 0.654
OP 8§ Reputations in the market 0.684
OP 9 Market share growth 0.878

Management commitment to the ecological environment Sahoo et al. (202

MCEE _1

In our organization, there are enough ways to gather green
knowledge

0.848
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MCEE 2 | I have the necessary training in green knowledge management 0.811

MCEE 3 | I always get enough knowledge to do my job smoothly 0.798

MCEE 4 Verbal instructions about green knowledge are regularly given 0.765
— | to workers

MCEE 5 My supervisor has the necessary knowledge to overcome 0.764
— | environmental risks in business

MCEE 6 My supervisor always ensures that environmental protection 0.725
— | rules and procedures are followed

Cronbach's alpha test was used to check the internal consistency of the measuring
instrument. Composite reliability (Cronbach's alpha) is shown in Table 3.

Table 3. Composite reliability and convergent validity

Construct Items Cronbach’s alpha Factor Loading AVE
GKM 15 0.893 0.631-0.951 0.624
GTI 7 0.929 0.774-0.882 0.704
OP 9 0.858 0.561-0.797 0.596
MCEE 6 0.874 0.725-0.848 0.618

Upon examining the Cronbach alpha test, it is clear that all of the values surpass the
recommended minimum of 0.70 (Cronbach, 1951). This indicates that the composite variables
have a high level of internal consistency and reliability, and can be used in further analyses.

4.3. Confirmatory factor analysis

Confirmatory factor analysis (CFA) was used to examine the convergent and
discriminant validity of the measuring instrument. Convergent validity is assessed by the factor
loading of the items, the minimum value of which should be above 0.5 according to Hair et al.
(2010). The average variance extracted (AVE) test assesses discriminant validity.

Also, based on the recommendation of Molina et al., 2007, the AVE of all constructs
should be above 0.5. As all values are above the recommended value of 0.5 (see Table 3), it can
be concluded that the convergent and discriminant validity of the measuring instrument has
been achieved. The results presented in Table 3 can be explained as follows. The composite
variable GKM contains 15-factor loadings from 0.631 to 0.951. This factor explained 62.40%
of the variance with 0.893 Cronbach's alpha value. Analogous to this explanation, the values
for the other composite variables (GTI, OP, and MCEE) can also be clarified. Also, CFA allows
assessment of the fit of the measurement model, which was done using the AMOS v.26 software
package. To determine how well the model fits the data, CFA offers several different statistical
tests. Some of them are shown in Table 4.

Table 4. Fit indices

Particulars )(Z/df GFI NFI AGFI CFlI SRMR RMSEA
This model 2.95 0.92 0.90 0.87 0.88 0.78 0.09
Recommended values <3@ >0.9P >0.9b >0.9b >0.9P <0.8P <0.08-0.10P

Notes A: y %/df : Chi-square to degree of freedom; GFI: Goodness of fit index; NFI: Normative fit index; AGFI: Adjusted goodness of fit index;
CFI: Comparative fit index; SRMR: Standardized root mean residual; RMSEA: Root mean square error of approximation
Notes B: ®Bagozzi and Yi (1988); *Hair et al. (2010)

Based on the CFA results, it is concluded that most of the fit indices are within the
recommended values. However, there are some deviations. There is a small deviation in the
indicators AGFI (0.87) and CFI (0.88), which can be considered acceptable. In general, it can
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be concluded that the model-fit indices have satisfactory values, and it can be considered that
the studied model has an acceptable level of fit.
The correlation coefficients of the composite variables are shown in Table 5.

Table 5. Correlation coefficients of composite variables

GKM GTI OP MCEE
GKM 1
GTI 0.631 1
OopP 0.679 0.913 1
MCEE 0.713 0.826 0.838 1

Also, it can be concluded that the correlation coefficients of the composite variables are
above the recommended values of 0.3.

Based on the thorough tests and analyses conducted, it can be confidently stated that the
proposed measuring scale meets the standard criteria for the instrument. With its accuracy and
precision, this measuring scale is sure to provide reliable results for any application.

5. CONCLUSION

Green knowledge signifies a new concept and a new chapter in the discipline of
knowledge management. This kind of knowledge is significantly different from the classic
concept of knowledge in the organization and is gaining more and more importance in modern
business conditions.

This work aimed to develop and validate a comprehensive questionnaire that connects
GKM, GTI, OP, and MCEE. Based on the review of the literature, it was observed that these
are frequently represented components in various researches in the field of green knowledge.

Bearing in mind the results of the validation of the measuring scale, i.e. the results of
EFA and CFA statistics, values were obtained that are within the recommended limits, and it
can be concluded that the proposed questionnaire presented in this study represents a reliable
and verified measuring instrument.

The implications of this work are reflected in the possibility of applying this measuring
instrument, as well as the application of other methods and techniques for further research.
Bearing in mind that scientists, academics, and practitioners are very interested in the field of
green knowledge, it is expected that the result of this work will produce further research in this
field.

The developed and proposed measuring instrument provides a basis for further research
and development of various structural models.
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